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(57) Abstract 



The present invention is drawn to methods for characterizing the members of a combinatorial library which bind to a domain of 
interest. The method utilizes affinity selection in combination with mass spectrometry to provide rapid and efficient screening. The method 
provides information on relative affinities and molecular weights of affinity-selected compounds. The methods find use in analyzing all 
types of combinatorial libraries. 
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IDENTIFICATION OF MEMBERS OF COMBINATORIAL LIBRARIES BY MASS SPECTROMETRY 

FIELD OF THE INVENTION 

The invention relates to the characterization of combinatorial libraries. 

BACKGROUND OF THE INVENTION 

The screening of chemicals and natural materials such as fermentation broths and plant 
extracts, has long been used to identify novel lead compounds for drug discovery. Assays 
range in complexity from simple binding reactions to elaborate physiological preparations. 

Ligands discovered in this manner can be useful agents if they mimic or block natural 
ligands, or if they interfere with the naturally occurring interactions of the biological target. 
Such ligands also provide a starting point for the engineering of molecules with more 
desirable properties. The chance of finding valuable ligands increases with the number of 
compounds screened. Therefore, it is desirable to screen massive libraries of compounds. 

Combinatorial chemistry provides a promising approach to the synthesis of large collections 
of diverse molecules. In combinatorial chemistry, vast libraries of molecules having different 
chemical compositions can be synthesized simultaneously. Such random synthetic peptide 
or nonpeptide libraries prove especially useful to the pharmaceutical industry for the rapid 
identification of novel compounds that bind to high-affinity acceptor molecules such as 
receptors, enzymes and antibodies. 

Combinatorial methods entail a series of chemical steps with multiple choices of chemical 
reagents for each step. The complexity, or number of members in a combinatorial library, is 
related to the product of the number of reagent choices or building blocks for each step of 
the synthesis and can therefore be quite large. 

To date, most methods to screen such combinatorial libraries include the use of acceptor 
molecules labeled with fluorescent or other reporter groups. In one method, combinatorial 
libraries are synthesized on resin beads. The beads are exposed to labeled acceptor 
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molecules. Those with bound acceptor are identified by visual inspection, physically 
removed, and the peptide is sequenced directly. 

Various techniques for the evaluation of combinatorial libraries, have been developed where 
several organizational approaches have been implemented to keep track of individual 
components within a library. The iterative approach (Dooley, C.T,, Chung, N.N., Schiller, 
P.W. t & Houghten, R.A. (1993) Proc Natl Acad Sci USA 90, 10811-5; Dooley, C.T., & 
Houghten, R.A. (1993) Life Sci 52, 1509-17; Houghten, R.A., Pinilla, C M Blondelle, S.E., 
Appel, J.R., Dooley, C.T., & Cuervo, J.H. (1991) Nature 354, 84-6; Pinilla, C M Appel, J.R., & 
Houghten, R.A. (1993) Gene 128, 71-6) systematically screens and isolates "hits" at each 
stage of the synthetic process (Furka, A., Sebestyen, F., Asgedom, M M & Dibo, G. (1988) in 
14th Int. Congr Biochem. pp 47, Prague). Spatial addressing of library components using 
VLSIPS (Fodor, S.P., Read, J.L., Pirrung, M.C., Stryer, L, Lu, AT., & Solas, D. (1991) 
Science 251, 767-73; Gallop, M.A., Barrett, R.W., Dower, W.J., Fodor, S.P., & Gordon, E.M. 
(1994) J Med Chem 37, 1233-51) allows for selection and detection of individual library 
components according to their fixed presence in an array. The one-bead, one-peptide 
approach (Chen, J.K., Lane, W.S., Brauer, A.W., Tanaka, A., & Schreiber, S.L. (1993) J Am 
Chem Soc 115, 12591-12592; Lam, K.S., Salmon, S.E., Hersh, E.M., Hruby, V.J., 
Kazmierski, W.M., & Knapp. R.J. (1991) Nature 354, 82-4; Lebl, M., Krchnak, V., Sepetov, 
N.F., Seligmann, B., Strop, P.. Felder, S., & Lam, K.S. (1995) Biopolymers 37, 177-98; 
Salmon, S.E., Lam, K.S., Lebl, M.. Kandola, A., Khattri, P.S., Wade, S., Patek, M., Kocis, P., 
Krchnak, V., Thorpe, D., & et a/ (1993) Proc Natl Acad Sci USA 90, 11708-12) enables an 
entire library to be screened by microscopically isolating individual beads via tagged 
receptors. Encoded libraries are used to eliminate ambiguity, where coding strands are 
incorporated into the library through the use of various tags (Brenner, S., & Lerner, R.A. 

(1992) Proc Natl Acad Sci USA 89, 5381-3; Kerr, J.M., Banville, S.C., & Zuckermann, R.N. 

(1993) J Am Chem Soc 115, 2529-2531; Needels, M.C., Jones, D.G., Tate, E.H., Heinkel, 
G.L, Kochersperger, L.M., Dower, W.J., Barrett, R.W., & Gallop, M.A. (1993) Proc Natl Acad 
Sci USA 90, 10700-4; Ohlmeyer, M.H., Swanson, R.N., Dillard, L.W., Reader, J.C., Asouline, 
G., Kobayashi, R., Wigler, M. t & Still, W.C. (1993) Proc Natl Acad Sci USA 90, 10922-6). 
Additionally, biological libraries obtained from phage (Cwirla, S.E., Peters, E.A., Barr tt, 
R.W., & Dower, W.J. (1990) Proc Natl Acad Sci USA 87, 6378-82; Smith, G.P. (1985) 
Science 228, 1315-1317) or bacterial (Cull, M.G., Miller, J.F., & Schatz, PJ. (1992) Proc Natl 
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Acad Sci USA 89, 1865-9; Goodson, R.J.. Doyle, M.V., Kaufman, S.E.. & Rosenberg. S. 
(1994) Proc Natl Acad Sci USA 91, 7129-33) systems, have influenced the development of 
synthetic combinatorial libraries. 

The above methods all have certain general attributes that contribute to their success. There 
is virtually no limit to library size using these approaches, potentially increasing the l.kel.hood 
of obtaining a -hit." Several of the methods listed above attempt to accommodate non- 
peptide libraries in inventive ways; however, many are burdened by the need for an 
increased synthetic effort and most deal with resin-bound substrates that may h.nder 
substrate binding, particularly in cases where an active site contains a deep pocket. 
Furthermore, the selection processes themselves can be quite cumbersome due to the 
massive size of some libraries. 

Therefore, there is needed a method for the characterization of members of a combinatorial 
library with particular and desirable properties. 

SUMMARY OF THE INVENTION 

The present invention is drawn to a method for characterizing the members of a 
combinatorial library which bind to a domain of interest. The method utilizes affinity se.ect.on 
in combination with mass spectrometry. The method provides rapid and efficient screen.ng 
and provides information on relative affinities, molecular weights, and structural identif.cat.on 
of affinrty-selected compounds. The method has broad applicability to combinatoria. library 
screening and is useful for peptide as well as non-peptide libraries. 

RRIEF DESCRIPTION OF THE FIGURES 
Figure 1- Displacement of the binding of Bolton-Hunter radiolabeled SH2 binding peptide by 
various displaces Peptides were tested as described in methods for the ability to .nh.b.t 
binding of a radiolabeled peptide to the C-terminal SH2 domain of PI 3-K.nase. 
Figure 2- Comparison of various elution strategies for the separation of standard pept.des 
on SH2-affinity columns. Standard peptides were run on the SH2-affinity column and eluted 
by various gradients as described in methods. Fractions of the gradient elution were run on 
reverse phase HPLC, quantitated using UV absorption at 21 0 nm. and plotted as the percent 
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of the total peptide eluted. Parallel runs were performed with a) KSCN, b) phenyl phosphate 
and c) pH elution. 

Figure 3: ES-MS/MS spectrum of G(F 2 Pmp)(Nle)P(Nle)S-amide. The fragmentation pattern 
assignments are labeled according to the following: single letter designations refer to amino 
acids and internal fragments forming ammonium ions; b-ions refer to ions formed with the 
charge retained on the N-terminus upon cleavage at the peptide bond; a-ions relate to N- 
terminal fragment ions with cleavage occurring after the -carbon (28 Da less than 
corresponding b-ions); y-ions refer to ions formed with the charge retained on the C-terminus 
upon cleavage at the peptide bond (complimentary ions to corresponding b-ions). The 
sequence is designated above the b-ions in the mass spectrum. 

Figure 4: ES-MS spectrum of the intact library defined as G(F 2 Pmp)X 1 PX 3 S-amide, where 
F 2 Pmp is (phosphonodifluoromethyl)phenylalanine and X=19 of the 20 standard L-amino 
acids (minus cysteine). This library contains 361 components and the mass spectrum was 
obtained from 450 ng per peptide. 

Figure 5: ES-MS spectrum of the library affinity selected components in a pH 3.5 affinity 
elution. Assignments are as designated as follows: sequences inferred for AM, SM, VM, DM, 
K/QM and YM; molecular weights validated for TM. NM and WM; and sequences confirmed 
for l/LM, EM, MM and FM (see Table I). 

Figure 6: ES-MS/MS spectrum of the molecular ion at m/z 798.5 from the pH 3.5 elution. 
Assignments are as designated in Figure 3 and asterisked peaks indicate methionine- 
specific fragmentation ions. The sequence was determined to be that designated above the 
b-»ons of the mass spectrum. 

DETAILED DESCRIPTION OF THE INVENTION 

Methods for characterizing the members of a combinatorial library are provided. Generally, 
the members of a library are brought into contact with a domain of interest to allow for 
binding; i.e. the formation of a complex. After binding, the complex is separated from the 
unbound members of the library. The complexes are then treated to elute the bound library 
components. The eluted components are analyzed by mass spectrometry. 

The combinatorial libraries which may be analyzed by the invention include peptide as well 
as non-peptide libraries including small molecule libraries. Peptide libraries may include 
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unnatural amino acids and amino acid mimics, such as norleucine, phosphotyrosine mimics, 
such as (phosphonodifluoromethyl) phenylalanine, and the like. See, for example, Kerr et al. 
(1 993) J Am Chem Soc 1 15, 2529-31 . 

Methods for making combinatorial libraries are well known in the art. See. for example, 
Felder E R ( 1994) Chimia 48, 521-541; Gallop et al. (1994) J Med Chem 37, 1233-51; 
Houghten. R.A. (1993) Trends Genet 9, 235-9; Houghten et al., (1991) Nature 354, 84-6; 
Lam et al (1991) Nature 354, 82-4; Carell et al., (1995) Chem Biol 3, 171-183; Madden et 
al (1994) Perspectives in Drug Discovery and Design 2. 269-85; Cwirla et al., (1990) 
Biochemistry 87, 6378-82; Brenner, S. and Lemer, R.A. (1992) Proc Nat, Acad Sci USA 89, 
5381-3; Gordon et al. (1994) J Medicinal Chemistry 37, 1385-401; and, Lebl et al., (1995) 
Biopolymers 37, 177-98. 

The present method is useful for analyzing the binding to any domain or receptor. It finds 
use in the characterization of combinatorial libraries members which bind to high affinity 
acceptor molecules such as receptors, enzymes, antibodies, and the like. One can also 
screen for an activity of interest. Depending on the type of activity that is sought, a variety of 
selection schemes are possible based on the affinity purification of active members by 
absorption on a target receptor. 

The method has a detection limit in the range of about 5 to about 50 mol. Thus, it is useful 
even when the compound of interest is present in limited amounts in a sample. 

In carrying out the invention, the domain or receptor of interest may be bound or coupled to a 
support Supports include resin beads, silica chips, agarose, and other solid supports. The 
domain or receptor can be bound by any method including but not limited to ant.body 
binding GST-glutathione binding, biotin-streptavidin, expression of the protein of interest as 
a recombinant protein fused to maltose binding protein, fusion of the component of interest 
with a marker peptide which recognizes and binds selectively to an affinity column, etc. Such 
methods are known in the art and kits for practicing the methods are commercially available. 
See for example. Stammers et al. (1991) FEBS Lett. 283, 298-302; Herman et al. (1986) 
Anal Biochemistry 156, 48; Smith era/. (1987) FEBS Lett. 215, 305; Kilmartin et al. (1982) J. 
Cell Biol 93 576-82; Skinner et al. (1991) J- Biol. Chem. 266, 14163-6; Hopp et al. (1988) 
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Bio/Technology 6, 1204-10; H.M. Sassenfeld (1990) TIBTECH 8, 88-93; Hanke et al. (1992) 
J. General Virology 73, 653-60; Ellison and Hochstrasser (1991) J. Biol, Chem. 267, 21150- 
7; U.K. Pati (1992) Gene 114, 285-8; Wadzinski et al. (1992) J. Bioi Chem. 267 \ 16883-8; 
Field et al. (1988) MoL Cell. Bioi 8, 2159-65; Gerard and Gerard (1990) Biochemistry 29, 
9274-81; Ausselbergs et al. (1993) Fibrinolysis 7, 1-13; Hopp et al. (1988) Biotechnology 6, 
1205-10; Blanar and Rutler (1992) Science 256, 1014-8; Lin and Morton (1991) J. Org. 
Chem. 56, 6850-6; Zastrow and Kobilka (1992) J. Biol. Chem. 267 \ 3530-8; Goldstein et al. 
(1992) EMBO JmL 11, 0000-0000; Lim et al. (1990) J. Infectious Disease, 162, 1263-1269; 
Goldstein et al. (1992) Virology 190, 889-893; and the articles in IBI FLAG Epitope Vol. 1: 
No. 1, Sept. 1992; which disclosures are herein incorporated by reference. 

Where these methods are used, the domain component comprises a site or region which is 
capable of binding to the support. For example, if GST-glutathione binding is used, the 
domain can be expressed as a GST-fusion protein which is coupled to glutathione-agarose. 
The method utilizes an affinity chromatography core comprising the support. That is, the use 
of specially designed absorbents or supports are used which depend upon specific 
biochemical reactions to selectively hold a macromolecule. 

In this manner, the domain may be bound to the support prior to binding with the members of 
the combinatorial library. Alternatively, the domain may be unbound when mixed with the 
members of the combinatorial library. Where the domain is unbound, after the formation of a 
binding complex with the members of the combinatorial library, the complex can be brought 
into contact with a support to which the domain portion of the complex will bind. Generally, 
the domain will contain the attachment site prior to binding with members of the 
combinatorial library. However, it is recognized that the attachment site may be added after 
binding with the combinatorial library. 

After binding to a support, the binding complexes can be separated from the unbound 
members of the combinatorial library by washing, for example through a column. "Binding 
complexes" is intended to signify the domain or receptor of interest bound to a member of 
the combinatorial library. The separation may vary depending on the binding method to the 
solid support. See the references listed above for binding methods. The elaboration of 
elution conditions and automated analysis are novel features of the present method. 
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After separating the bound complexes the present invention provides for characterization of 
the members by the physical parameters which drive the affinity of interaction and kinetics. 
In this manner, weakly bound members can be eluted and analyzed by mass spectrometry 
followed by the elution of the more strongly bound members. The members can thus be 
analyzed and identified by the weakly bound to the more strongly bound providing for a rapid 
method for rank-ordering of the members which bind to the domain of interest. 

As noted the members can also be analyzed to determine the type of binding interactions 
between the library members and the domains. Several elution methods can be utilized to 
characterize the binding interactions of the members to the domain. Elution methods include 
but are not limited to phenylphosphate. phosphotyrosine mimic, or other suitable displacers, 
(for example displacing phosphopeptide which may be tagged for easy removal); chaotrope 
agents; pH elution; salt gradients; temperature gradients; organic solvents; selective 
denaturant; detergents; etc. v 

After elution, the members are analyzed by mass spectrometry. The mass spectra is useful 
to prove the identity of the members as well as to help establish the structure by providing 
molecular weight and formula of the members. In this manner, electrospray mass 
spectrometry (ES-MS) provides molecular weight information relating to combinatorial 
libraries and affinity-selected members. Electrospray tandem mass spectrometry (ES- 
MS/MS) provides the added advantage of sequence-specific determination of individual 
members that demonstrate high affinity binding. The library affinity selection -mass 
spectrometry (LAS-MS) of the invention is designed to exploit the attributes of solution phase 
libraries, affinity selection and mass spectrometry to study members of a combinatorial library 
that bind to domains of interest. 

Methods for the analysis by mass spectrometry are generally known in the art. See, for 
example, Youngquist er a/. (1 995) J Am Chem Soc 117, 3900-06; Dunayevskiy et al. (1995) 
Anal Chem 67, 2906-15; Brummel et a/. (1996) Anal Chem 68, 237-42; Metzger et al. (1994) 
Analytical Biochemistry 219, 261-277; Youngquist et al. (1994) Rapid Comm Mass Spectrom 
8, 77-81 ; Till et al. (1994) J Biol Chem 269, 7423-8; and Brummel er al. (1994) Science 264, 
399-402; which disclosures are herein incorporated by reference. 
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As indicated, the method finds use in characterizing combinatorial libraries. Any library 
including peptides, peptides containing non-natural amino acids, non-peptides, small 
molecules can be analyzed for binding to any domain of interest. Domains include proteins, 
enzymes, receptors, binding domains such as SH2 domains, and the like. Thus, the method 
finds use in understanding protein-protein interactions, enzymes-receptor interactions, etc., 
and in identifying individual compounds having specific biological activities of interest, 
antibody recognition sequences, antagonists, antigenic determinants, bioactive peptides, 
drug discovery and the like. 

In a preferred embodiment of the invention, the LAS-MS method of the invention is designed 
to exploit the attributes of solution phase libraries, affinity selection and mass spectrometry to 
study peptides containing non-natural amino acids that bind to the Src homology 2 (SH2) 
domain, particularly to the SH2 domain of phosphatidylinositol 3-kinase (PI 3-Kinase). The 
LAS-MS technique is designed to rapidly screen for drugs with the potential to block signal 
transduction processes and has the additional advantage of allowing rapid rank-ordering of 
substrates that bind to SH2 in this system. 

SH2 domains are an important protein motif (Pawson, T. (1995) Nature 373, 573-80; 
Schlessinger, J. (1994) Curr Opin Genet Dev 4, 25-30; Stahl, M.L., Ferenz, C.R., Kelleher, 
K.L., Kriz, R.W., & Knopf, J.L (1988) Nature 332, 269-72), found particularly in cell systems 
relate to cell growth, proliferation and differentiation. SH2 domains functionally bind 
phosphotyrosine-containing sequences and are involved in protein-protein interactions. Of 
50 or more SH2 comains identified (Klippel, A., Escobedo, J.A., Fantl, W.J., & Williams, LT. 
(1992) Mol Cell Biol 12, 1451-9; Moran, M.F., Koch, C.A., Anderson, D., Ellis, C, England, 
L, Martin, G.S., & Pawson, T. (1990) Proc Natl Acad Sci USA 87, 8622-6; Songyang, Z M 
Shoelson, S.E., Chaudhuri, M., Gish, G M Pawson, T., Haser, W.G., King, F., Roberts, T., 
Ratnofsky, S., Lechleider, R.J., & et al. (1993) Cell 72, 767-78; Songyang, Z., Shoelson, 
S.E., McGlade, J., Olivier, P., Pawson, T. f Bustelo, X.R., Barbacid, M. ( Sabe, H„ Hanafusa, 
H., Yi, T., & et al. (1994) Mol Cell Biol 14, 2777-85), short peptides have been shown to 
suffice for binding, with the amino acids immediately surrounding the phosphotyrosine 
serving to define specificity for each unique system. In the case of PI 3-Kinase (Herbst, J.J., 
Andrews, G., Contillo, L, Lamphere, L, Gardner, J., Lienhard, G.E., & Gibbs, E.M. (1994) 
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Biochemistry 33, 9376-81; Klippel. A., Escobedo, J.A., Fantl, W.J., & Williams, L.T. (1992) 
Mol Cell Biol 12, 1451-9; Panayotou, G., Gish, G., End, P.. Truong, O., Gout, I.. Dhand, R.. 
Fry, M.J.. Hiles, I., Pawson, T., & Waterfield, M.D. (1993) Mot Cell Biol 13, 3567-76). the SH2 
domain requires a methionine as the third residue on the C-terminal side of the 
phosphotyrosine (referred to as the +3 or X 3 residue), as originally established using 
peptides derived from the natural growth factor receptors (Songyang, 2.. Shoelson, S.E., 
Chaudhuri, M., Gish, G., Pawson, T., Haser, W.G.. King, F., Roberts, T., Ratnofsky. S., 
Lechleider, R.J., & era/. (1993) Ce//72, 767-78; Songyang, Z., Shoelson, S.E., McGlade, J.. 
Olivier. P., Pawson, T., Bustelo, X.R., Barbacid, M„ Sabe, H., Hanafusa, H., Yi, T., & et al. 
(1994) Mol Cell Biol 14, 2777-85). 

Several phosphotyrosine mimics have been identified that are able to maintain high .binding 
affinity to SH2 domains (Burke, T.R., Jr.. Smyth, M.S.. Otaka, A., Nomizu, M., Roller, P.P., 
Wolf. G., Case, R., & Shoelson, S.E. (1994) Biochemistry 33, 6490-4; Ye, B., Akamatsu, M., 
Shoelson, S.E., Wolf, G., Giorgetti-Peraldi, S., Yan, X., Roller, P.P., & Burke, T.R., Jr. (1995) 
j Chem 38. 4270-5). These mimics offer the advantage of a stabilized, phosphatase- 
resistant substitution and, additionally, may bring about more favorable cellular permeability 
properties as compared to phosphotyrosine. For example, methylphosphonate analogs 
approach the affinity of phosphotyrosine for SH2-domains (Burke, T.R., Jr., Smyth. M.S., 
Otaka, A., Nomizu, M., Roller, P.P., Wolf. G., Case, R.. & Shoelson, S.E. (1994) 
Biochemistry 33, 6490-4). 

Coupling the affinity selection process with electrospray mass spectrometry (ES-MS) and 
tandem mass spectrometry (ES-MS/MS), in the present method, is an effective means to 
identify and characterize peptides within a combinatorial library that bind to the SH2 domain 
of PI 3-Kinase. The practicality of this method is demonstrated whereby a simplified 
approach can be utilized without the need for a sophisticated chromatographic set-up or a 
dedicated/modified mass spectrometric system. Recently, mass spectrometry has been 
used to characterize the integrity of combinatorial libraries (Brummet, C.L., Lee, I.N., Zhou, 
Y., Benkovic. S.J., & Winograd, N. (1994) Science 264, 399-402; Dunayevskiy, Y., Vouros, 
P., Carell. T.. Wintner, E.A., & Rebek, J.J. (1995) Anal Chem 67. 2906-2915; Kaur. S., 
Huebner, V.. Tang, D.. McGuire, L., Drummond. R., Csetjey, J., Stratton-Thomas. J., 
Rosenberg, S., Figliozzi, G.. Banville. S., Zuckermann, R.. & Dollinger, G. (1995) in 43rd 
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ASMS Conference on Mass Spectrometry and Allied Topics pp 30, Atlanta, GA.; Metzger, 
J.W., Kempter, C, Wiesmuller, K.H., & Jung, G. (1994) Anal Biochem 21 9, 261-77). Where 
ES-MS provides molecular weight information, ES-MS/MS provides molecular (sequence) 
identification to resolve the redundancies in molecular weights associated with many 
libraries. In addition, mass spectrometry is readily applicable to peptido-mimics and non- 
peptidic, small molecule libraries. 

The following examples are offered by way of illustration and not by way of limitation. 



EXPERIMENTAL 

Chemicals 

Glutathione- Agarose was purchased from Pharmacia (Piscataway, NJ). Other chemicals 
were purchased from Sigma (St. Louis, MO). The standard peptides were synthesized by 
the FMOC solid phase method. The combinatorial library was purchased from Multiple 
Peptide Systems (San Diego, CA) and was defined as G(F 2 Pmp)X 1 PX 3 S-amide, where 
F 2 Pmp is (phosphonodifluoromethyl)phenylalanine and X=19 of the 20 standard L-amino 
acids (minus cysteine). 

GST-SH2 Purification 

A GST-SH2 fusion protein derived from the C-terminal SH2 domain (residues 617-722) of 
human PI 3-Kinase (Panayotou, G., Gish, G., End, P., Truong, O m Gout, I., Dhand, R., Fry, 
M.J.. Hiles, I., Pawson, T„ & Waterfield, M.D. (1993) Mol Cell Biol 13, 3567-76) was 
subcloned and grown in an E. colt expression system. Colonies were grown overnight and 
used to seed one liter preparations. The larger preparations were then grown to an O.D. of 
0.6-0.8 and induced for 3 hours with 1 mM IPTG. In a typical preparation, 2 grams of cell 
pellet was suspended in 12 ml of 1% Triton in phosphate buffered saline (PBS), sonicated 
3x20 seconds and centrifuged at 8000 rpm for 20 min using a SS-34 rotor. The supernatant 
was mixed with 10 mL of Glutathione-Agarose to enable the GST-SH2 to bind to the matrix. 
The mixture was gently shaken at 4 C for 30 min, loaded onto an empty column and washed 
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with 200 ml of PBS. GST-SH2 was eluted from the column using 50 mM glutathione in 100 
mM NH4HCO3, pH 8.6. 

SH2 Affinity Chromatograph 

The GST-SH2 fusion protein (12 mg) was coupled to 1 ml_ Glutathione-Agarose. The gel 
was pre-equilibrated with 50 mM ammonium acetate buffer pH 7.5 (equilibrating buffer). For 
the batch method of library analysis, the library (2.5 mg) was dissolved in 1 mL of 
equilibrating buffer and mixed with 1 mL of beads at 4 C for 1 hr. The SH2-GST Glutathione- 
Agarose matrix was washed 3 times with 10 bed volumes of equilibration buffer and the 
weakly bound peptides were removed by 3 successive washes with 1 bed volume of 1 M 
ammonium acetate buffer pH 7.5. More strongly bound library components were eluted 
successively with 100 mM triethylamine acetate fJA) buffer, pH 4.5; 100 mM TA buffer, pH 
3.5; and 0.5% trifluoroacetic acid (TFA). Each step entailed three consecutive washes with 
two bed volumes of elution buffer and the eluted peptides were monitored by either ES-MS 
or ES-MS/MS (see below). 

In other applications, a column-based gradient elution was used employing one of three 
linear gradients over 80 min at a flow rate of 0.5 mL/min. The pH gradient was frorn pH 7.5 
(50 mM ammonium acetate) to 3.5 (100 mM triethylamine acetate), the chaotrope (KSCN) 
gradient ranged from 0 to 1 M and the displacer (sodium phenyl phosphate) gradient from 0 
to 0.25 M. The eluted peptides were monitored by reverse phase high performance liquid 
chromatography (HPLC). 

Other Methods 

An SH2 binding assay was performed using a Bolton-Hunter labeled phosphopeptide 
essentially as described by Piccione et at. (Piccione, E., Case, R.D.. Domchek, S.M., Hu. P.. 
Chaudhuri, M.. Backer, J.M.. Schlessinger, J., & Shoelson, S.E. (1993) Biochemistry 32. 
3197-202). Peptides were analyzed using a Biorad (Richmond, CA) 250 x 4.6 mm RP 318 
reverse phase HPLC column with a 30 min linear gradient from 5% B buffer (90% acetonitriie 
(AcN). 0.09% TFA)/95% A buffer (5% AcN. 0.09% TFA) to 25% B^75% A. HPLC was 
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performed at room temperature at 1 mL/min and was monitored for absorption at 210 nm 
with a Waters 490 UV detector. 

Mass Spectrometry 

Electrospray mass spectrometry and tandem mass spectrometry was performed on a PE 
Sciex API III triple quadruple mass spectrometer (Concord, Ontario). A Shimatzu (Kyoto, 
Japan) LC-10 HPLC was used to deliver a flow rate of 30 L/min directly to the electrospray 
interface. Samples were concentrated using a Michrom (Auburn, CA) small molecule trap 
placed in-line with the HPLC system and washed with 2:98 A:B (A: AcN and B: 0.1% TFA) to 
remove interfering salts. Trapping of peptides was maintained using a 2:98 A:B ratio in the 
LC system, and the elution of peptides was facilitated by increasing the A:B ratio to 80:20 for 
direct infusion of peptides into the mass spectrometer. 

All ES-MS and ES-MS/MS analyses were carried out in the positive ion mode. Typical ES- 
MS conditions utilized an ionization voltage of 5 kV and orifice voltage of 70 V. Purified air 
was used as a nebulization gas (40 psi) and ultrapure nitrogen was used as a curtain gas at 
a flow rate of 1 L/min. ES-MS/MS was carried out using ultrapure argon at 260 x 10 12 
molecules/cm 2 collision gas thickness and a 29 eV collision energy. 

The intact peptide library was dissolved in a 2:98 ratio (A:B) and analyzed from a 0.5 mg 
portion of the original sample. All ES-MS spectra were obtained using multi-channel 
analyzer (MCA) mode and scanning the mass range 630 - 950 m/z in 0.1 m/z increments and 
with a 1 msec dwell time. The calculated amount of each peptide utilized to obtain the ES- 
MS and ES-MS/MS spectra from the intact library was 450 ng. 

ES-MS/MS experiments were carried out using a scan range of 50 - (parent ion + ca. 10) m/z 
units in 0.1 m/z increments and a 1 msec dwell time. Limitations to MS/MS on a triple 
quadruple instrument are due to practical sequence interpretation limits for compounds ca. > 
2000 Da and to the instrument's inability to distinguish between amino acids isoleucine and 
leucine (l/L; MW = 113 Da) or lysine and glutamine (K/Q; MW = 128 Da). The amino acid 
ambiguity can be overcome by eliminating one of the redundant residues from the library or 
by substituting an isotopic along for one of the two. 
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Results 

Pilot Experiments 

Purified human PI 3-Kinase SH2 domain was produced as a fusion protein with glutathione- 
s-transferase (GST). The SH2 fusion protein was immobilized to Glutathione-Agarose and 
used to screen a biased combinatorial library. Pilot experiments with model compounds 
were performed to test this affinity isolation technique. The four standard compounds 
utilized were: GY(Nle)P(Nle)S-amide; G(pY)(Nle)P(Nle)S-amide; G(F 2 Pmp)(Nle)P(Nle)S- 
amide; and GNGDS(pY)MPMPKS-amide (Nle = norieucine; Py = phosphotyrosine; and 
F 2 Pmp = (phosphonodifluoromethyl(phenylalanine). Three gradient elution methods 
/phenvlphosphate displacer . chaotrooe agent and pH elution) were evaluated for separating 
these compounds on the SH2 affinity column. Binding assays of these four standard 
compounds revealed the IC 50 values shown in Figure 1. 

All three gradient procedures selectively released the standards from the SH2 affinity system 
(Figure 2). However, the order of elution differed among the various methods, most likely 
reflecting the differing mechanisms by which the elution agents were disrupting the binding 
interactions. For example, GNGDS(pY)MPMPKS-amide eluted late in the presence of the 
riis placer gradient , but relatively early when a chaotrooe gradient was used. This compound 
has the highest affinity for the SH2 domain (Figure 1). but eluted earlier than the other 
standards when analyzed by reverse phase HPLC (not shown), due to its highly charged 
sequence. The dH gradient elution was suitable for subsequent coupling of this assay with 
mass spectrometry. 

A software program was developed (see Appendix A) in order to predict the molecular weight 
distribution of the components of the tested library. The high level logic of the program is 
included as Appendix B. For this example, redundancies of two or more components exist 
because the same group of building blocks were used for positions and X 3 . For example, 
each pair of variable residues such as SD and DS will have the same molecular weight. 
Although ES-MS analysis of the library will not distinguish between these redundancies, ES- 
MS/MS analysis can, due to its sequencing ability. 
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The ES-MS system was tested with a standard compound, G(F 2 Pmp)(Nle)P(Nle)S-amide, to 
ensure the effectiveness of the peptide trap for the modified peptides present in the library. 
This compound was retained by the trap and resulted in the expected molecular ion 
{(M+H+) + > of m/z 762.5 (MW^^ = 761.4). ES-MS/MS analysis was performed to further 
explore the capabilities of the system for the present application, and to probe for molecular 
identity and sequence information. 

The ES-MS/MS spectrum of the ion at m/z 762.5 displayed an informative fragmentation 
pattern (Figure 3). The "b" ions (N-terminal ions formed upon cleavage of the peptide bond) 
formed a clear pattern starting with the G(F 2 Pmp) ion at m/z 334.4. From this ion the 
remaining amino acids could be detected in the correct order: (Nle)P(Nle)S. Each b-ion had 
a paired "a" ion at -28 Da (-CO). In addition, proline residues are known to be very liable in 
MS/MS, where the cleavage takes place at the N-terminal side (so-called "internal ions"). 
This was the case for the above peptide, where internal fragment ions for P(Nle) and P(Nle)S 
were detected. These fragmentation patterns were valuable for the characterization of 
peptides in the library so that the order of the X-j and X 3 amino acids could be determined 
via the b-ions {X-j after G^Pmp)} and the internal ions {X3 after P}. 

Characterization of a Combinatorial Library by MS 

The combinatorial library was defined as: G(F2Pmp)X 1 PX 3 S-amide, where X = 19 of the 20 
standard L-amino acids (minus cysteine) and, therefore, consisted of 361 (19 2 ) compounds. 
F 2 Pmp ((phosphonodifluoromethyl(phenylalanine) was utilized as a high affinity 
phosphotyrosine mimic, as discussed by Burke et al (Burke, T.R., Jr., Smyth, M.S., Otaka, 
A., Nomizu, M., Roller, P.P., Wolf, G., Case, R. ( & Shoelson, S.E. (1994) Biochemistry 33, 
6490-4). ES-MS analysis of the intact library revealed the diversity of the 361 components of 
the library, as shown in Figure 4. The distribution of the peptides properly reflected the 
expected statistical distribution of molecular weight combinations of amino acids. This mass 
spectrum also resembled an ES-MS spectrum reported for a 576 component peptoid mixture 
(Kaur, S., Huebner, V., Tang, D. t McGuire, L, Drummond, R. ( Csetjey, J. f Stratton -Thomas, 
J., Rosenberg, S., Figliozzi, G., Banvitle, S., Zuckermann, R., & Dollinger, G. (1995) in 43rd 
ASMS Conference on Mass Spectrometry and Allied Topics pp 30, Atlanta, GA.). 
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An ES-MS/MS spectrum was obtained of the ion at m/z 796.6 from the total library mixture. 
Knowing the four fixed residues in the library, this molecular ion should represent eight 
distinct peptides containing X-, and X 3 combinations: EM, PY. IF/LF, ME, YP, FI/FL. 
Inspection of the MS/MS spectrum (not shown), although complicated by the mixture, 
indicated the presence of all of the above combinations. 

Library Affinity Selection 

Affinity selection of the library was performed using a batch procedure. Five pH elution steps 
were evaluated: unbound. 1M salt/pH 7.5 wash; pH 4.5 wash; pH 3.5 and TFA elutions, 
respectively. The unbound resin supernatant, taken prior to any washing of the SH2-peptide 
mixture, contained few peptides; however, many of those detected matched MW's of glycine- 
containing combinations. The 1M salt/pH 7.5 elution contained the majority of thejibrary 
components, that is those compounds weakly bound by SH2. The pH 4.5 elution contained 
fewer peptides, presumably those moderately bound. 

As seen in Figure 5. a small subset of components were detected in the pH 3.5 elution. 
Virtually all of these compounds could be assigned as methionine-containing peptides. 
Table I lists the molecular ions found over an intensity threshold value of 15 percent in the 
pH 3.5 elution, as well as the combinations associated with each molecular weight. Of four 
possible unambiguous methionine-containing combinations (TM, NM, HM and WM), three 
such ions (TM, NM and WM) were detected in the pH 3.5 elution. Additionally, four predicted 
methionine-containing peptides were not detected in the pH 3.5 elution (GM, PM, HM and 
RM). Of these, the GM peptide was found in the pH 7.5 and 4.5 elutions, the PM and HM 
peptides were found in the pH 4.5 elution and the RM peptide was seen but was below the 
detection threshold level (15%) in the pH 3.5 elution. Three peptides were detected (m/z 
735.7, 779.7 and 821.0) that did not match a methionine-containing molecular weight. 
Although the recurrence of methionine in the strongly bound peptides is readily discernible 
from the data in Table I, the identity and order of residues in positions X 1 and X 3 must still 
be probed by ES-MS/MS. 



BNSDOCID: <WO 9743301A2_I_> 



WO 97/43301 



PCT/EP97/02215 



-16- 

The most abundant peptide in the pH 3.5 elution was m/z 798.5, which showed a significant 
increase from previous elutions and was also found in the TFA elution. This MW match s 
that for MM, FD and VY combinations. ES-MS/MS analysis of this ion revealed that only the 
MM combination was present in the pH 3.5 elution (Figure 6). Given the fact that this ion is 
also found in the TFA elution, the MM combination can be qualitatively be assigned as a 
strong binder to SH2. 

To probe other redundancies listed in Table I, ES-MS/MS spectra were obtained for the 
same ion, m/z 780.5, over the pH elutions of 7.5, 4.5 and 3.5. Possible sequences of X 1 
and X 3 for this ion are: IM/LM, ED, PF, MI/ML, De and FP. Changes in the fragmentation 
patterns can be detected with decreasing pH. Most importantly, the position of the 
methionine can be seen to favor position X 3 at pH 3.5 for the (l/L)M combination. In 
addition, the peptide at m/z 780.5 was detected in the TFA elution. This implies that the 
(l/L)M combination and the MM combinations are the strongest binders to SH2, consistent 
with previously reported data (Songyang, Z., Shoelson, S.E., Chaudhuri, M., Gish, G., 
Pawson, T. t Haser, W.G., King, F., Roberts, T. f Ratnofsky, S., Lechleider, R.J., & et al. 
(1993) Cell 72, 767-78). Other ES-MS/MS analyses obtained {e.g. for ions at m/z 796.3 and 
814.3 (see Table I)} detected the EM and FM sequences (in order of positions X-j and X 3 ), 
revealing that methionine predominates at position X 3 in the pH 3.5 elution. Further software 
development has been performed in order to facilitate data analysis and data in profiles. 
This program is included as Appendix C. The high level logic is provided as Appendix D. 

Discussion 

The present results have demonstrated that screening combinatorial libraries in conjunction 
with ES-MS and ES-MS/MS detection is a feasible approach. 

SH2 domains have been extensively documented by various biophysical approaches, and 
the forces responsible for high affinity phosphopeptide interaction are well established. The 
phosphotyrosine group represents the greatest nergy of interaction, while residues (chi fly) 
immediately C-terminal contribute to binding energy and specificity. In the case of PI 3- 
Kinase, the pioneering work by Cantley (Songyang, Z. f Shoelson, S.E., Chaudhuri, M., Gish, 
G., Pawson, T., Haser, W.G., King, F., Roberts, T. f Ratnofsky, S., Lechleider, R.J., & et al. 
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(1993) Cell 72, 767-78) demonstrated the importance of a hydrophobic residue in the +1 site 
and a methionine in the +3 site. This concept was confirmed using the LAS-MS approach 
and extend these observations to show: 1) that different combinations of such groups have 
widely different affinities and can be separated by judicious use of elution conditions; and 2) 
that the same principle applies even with libraries based upon unnatural phosphotyrosine 
mimics. 

Various methods of elution have been exploited for affinity chromatography of proteins and 
each method has unique advantages and disadvantages. Three possible elution techniques 
were compared here using model peptides. Each technique showed an individual character 
reflecting the physical parameter utilized by each method. Displacer elution using 
phenylphosphate, as originally used by Cantely (Songyang, Z.. Shoelson. S.E., Chaudhuri, 
M., Gish, G., Pawson, T., Haser, W.G., King, F.. Roberts, T., Ratnofsky, S., Lechleider. R.J., 
& et a/. (1993) Cell 72. 767-78). is a mild method which released components in a manner 
reflective of the relative affinities at the phosphate binding pocket. Acid elution was likewise 
effective and its elution profile relates to the titration of acidic amino acids in the SH2 domain 
as well as the titration of phosphonate and phosphate groups. Chaotrope elution js based 
upon displacement of hydrophobic interactions, a parameter that can vary enormously within 
a given library. While there is no reason to suggest that one method is preferable to another 
for the screening of libraries, it is clear that different rank-orders of potency are possible and 
may carry useful information reflective of the active site and the nature of the binding 
interactions. 

LAS-MS detection of library components has proven to be a powerful technique for 
sequence-specific determination of high affinity compounds. ES-MS is a rapid, sensitive 
technique that has great potential for this type of application due to its molecular specificity, 
while tandem instruments offer specific structural elucidation. Although there are ambiguities 
determining certain residues such as l/L and K/Q with a triple quadruple mass spectrometer, 
these can be overcome to a degree by eliminating one of the residues from a given library. 
Other obstacles may present themselves due to the redundant molecular weights that are 
often present in the structural combinations contained in a peptide library. These too can be 
overcome by planning a theoretical library that will not contain such redundancies, potentially 
designed on a experimental manipulation of data could prove to be extremely useful in both 
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the planning of libraries and the potential automation of data analysis. Another approach 
would be to re-synthesize individual components of redundant molecular weight for further 
testing. Furthermore, as combinatorial libraries increasingly move toward the use of unique 
building blocks (Gordon, E.M., Barrett, R.W., Dower, W.J., Fodor, S.P., & Gallop, M.A. 

(1994) J Med Chem 37, 1385-401), these redundancies will become non-issues. 

The analysis of intact combinatorial libraries should be a priority before carrying out 
bioassays, a practical consideration that is often overlooked. ES-MS allows for data to be 
obtained from which the quality of the library can be assessed. If necessary, a more 
extensive analysis can be performed on the library using ES-MS/MS. Recent reports 
addressing such issues (Dunayevskiy, Y M Vouros, P M Carell, T., Wintner, E.A., & Rebek, J.J. 

(1995) Anal Chem 67, 2906-2915; Metzger, J.W., Kempter, C. t Wiesmuller, K.H., & Jung, G. 
(1994) Anal Biochem 219, 261-77) are extremely informative and essential to the field of 
combinatorial chemistry. 

The strength of ES-MS/MS detection used in conjunction with library affinity selection lies in 
its ability to determine the identity of molecular ions of interest. The information obtained 
directly correlates to individual molecules rather than to a selected mixture. For example, 
Edman sequencing of affinity-selected peptides is only able to sequence pooled, high affinity 
components as a mixture. When one amino acid is detected at a given position more 
frequently than others, it is shown to favor that position. ES-MS/MS can extend relative 
positional frequency determinations to include the precise pairing and sequence order of 
amino acids for individual components detected from library affinity selection. Even when 
molecular weight redundancies exist for paired combinations (for example, see Table I), ES- 
MS/MS can determine the amino acid sequence and eliminate the other redundancies 
concurrently. 

The present work demonstrates how library affinity selection with mass spectrometric 
detection is possible utilizing the basic resources available in a pharmaceutical company, 
while addressing the many practical considerations that have been identified in the field of 
combinatorial chemistry. This methodology is ideal for the analysis of soluble, unbound 
library components, which can be of unlimited design with respect to small-molecule libraries. 
Significant aspects of the current method include: the simplicity of the experimental design 
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using a peptide trap; the ability to analyze the integrity of an intact combinatorial library; the 
practicality of a well-planned library related to the affinity system; the confirmation that 
F 2 Pmp can replace phosphotyrosine for SH2 binding; the selectivity of the method with the 
possibility for ranking; and the key advantage of ES-MS/MS for amino acid sequencing, 
applied to non-standard amino acids. 

All publications and patent applications mentioned in the specification are indicative of the 
level of skill of those skilled in the art to which this invention pertains. All publications and 
patent applications are herein incorporated by reference to the same extent as if each 
individual publication or patent application was specifically and individually indicated to be 
incorporated by reference. 

Although the foregoing invention has been described in some detail by way of illustration and 
example for purposes of clarity of understanding, it will be obvious that certain changes and 
modifications may be practiced within the scope of the appended claims. 
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Table I: Library Affinity Selected Compounds Detected by ES-MS (pH 3.5 Elution) 

Tabulations are based upon molecular ions {(M+H) + } and their intensities detected by 
ES-MS above a threshold of 15 percent in the pH 3.5 affinity elution (see Figure 5). 
The asterisked ions under methionine-containing combinations are assigned as isotope 
5 peaks from the corresponding monoisotopic ions. All combinations shown contain 

redundancies related to sequence order. MW validated ions were derived from pairs 
with non-redundant molecular weights. Sequence validated ions were confirmed using 
ES-MS/MS to determine amino acid position and order. 

10 TABLE I 



Found at pH 3.5 
(M+H)+ Intensity (x1000) 


Met 

Combinations 

V^V^I 1 ■■■/II ICALIwl l*J 


Other 

Combinations 


MW validated 
HES-MS) 


Sequence 
validated (ES- 
MS/MS) 


735.7 


340 




AK/Q 






ZOO. 4 




AM 


TT 






754.5 


640 


SM 


AF 






766.5 


360 


VM 


TE f DD 






767.6 


260 


* 








768.5 


530 


TM 




YES 




779.7 


510 




NE.K/QD, 
GW.SFt 






780.5 


1270 


l/LM 


ED.PF 




YES 


781.5 


630 


NM 




YES 




782.4 


580 


DM 


VF 






783.5 


280 


* 








795.5 


490 


K/QM 








796.5 


830 


EM 


PY.I/LF 




YES 


797.6 


630 


* 








798.5 


1700 


MM 


FD.VY 




YES 


799.5 


640 


* 








800.4 


370 


* 








814.5 


840 


FM 


DY 




YES 


815.5 


450 


* 








821.0 


290 




ER.VW 






830.5 


340 


YM 


FF 






853.5 


440 


WM 




YES 
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What is claimed is: 

1 . A method for characterizing the members of a combinatorial library which bind to a 
domain of interest, said method comprising; 

• mixing said domain of interest with a combinatorial library to allow binding of 
members with said domain to form binding complexes; 

• separating complexes from unbound members; 

• eluting the bound members of said complexes; and, 

• analyzing said members by mass spectrometry. 

2. The method of claim 1 , wherein said domain is bound to a matrix. 

3. The method of claim 2, wherein said binding is by GST-Glutathione binding, 
antibody antigen binding, or biotin-streptavidin binding. 

4. The method of claim 3, wherein said binding is by GST- Glutathione binding. 

y 

5. The method of claim 2, wherein said matrix is selected from agarose, resin beads, 
and silica chips. 

6. The method of claim 5 wherein said matrix is agarose. 

7. The method of claim 1 , wherein said combinatorial library is a peptide library. 

8. The method of claim 7, wherein said peptide library contains unnatural amino acid 
mimics. 

9. The method of claim 8. wherein said unnatural amino acid mimics are selected 
from norleucine and phosphotyrosine mimics. 

10. The method of claim 1 , wherein said combinatorial library is a non-peptide library. 

11. The method of claim 1, wherein said eluting step is accomplished by 
phenyiphosphate displacers, chaotrope agents, or pH elution. 



BNSDOCID: <WO 9743301 A2_l_> 



WO 97/43301 



PCT/EP97/02215 



- 22 - 

12. The method of claim 11, wherein said eluting step is accomplished by 
phenylphosphate displacers. 

13. The method of claim 11, wherein said eluting step is accomplished by chaotrope 
agents. 

14. The method of claim 11, wherein said eluting step is accomplished by pH elution. 

15. The method of claim 11, wherein said eluting step provides for determination of 
binding affinity and modes of binding interactions. 

16. The method of claim 15, wherein said determination provides for successive 
elutions to remove weakly bound members followed by more strongly bound members. 

1 7. The method of claim 1 , wherein said mass spectrometry comprises electrospray 
mass spectrometry. 

18. The method of claim 17, wherein said mass spectrometry further comprises 
electrospray tandem mass spectrometry. 

19. A method for characterizing the members of a combinatorial library which bind to a 
Src homology 2 (SH2) domain, said method comprising: 

• mixing said SH2 domain with a combinatorial library to allow binding of members 
with said domain to form binding complexes; 

• separating complexes from unbound members; 

• eluting the bound members of said complexes; and, 

• analyzing said members by mass spectrometry. 

20. The method of claim 19, wherein said SH2 domain is a domain of 
phosphatidylinositol 3-kinase (PI 3-Kinase). 

21 . The method of claim 19, wherein said domain is bound to a matrix. 
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22. The method of claim 21, wherein said binding is by GST-Glutathione binding, 
antibody binding, or biotin-streptavidin binding. 

23. The method of claim 22, wherein said binding is by GST- Glutathione binding. 

24. The method of claim 21 , wherein said matrix is agarose. 

25. The method of claim 19, wherein said combinatorial library is a peptide library. 

26. The method of claim 19, wherein said combinatorial library is a non-peptide library. 

27. The method of claim 19, wherein said eluting step is accomplished by 
phenylphosphate displacers, chaotrope agents, or pH elution. 

28. The method of claim 27, wherein said eluting step is accomplished by 
phenylphosphate displacers. 

29. The method of claim 27, wherein said eluting step is accomplished by chaotrope 
agents. 

30. The method of claim 27, wherein said eluting step is accomplished by : pH elution. 

31 . The method of claim 27, wherein said eluting step provides for determination of the 
relative strength of binding affinity. 

32. The method of claim 31, wherein said determination provides for successive 
elutions to remove weakly bound members followed by more strongly bound members. 

33. The method of claim 19, wherein said mass spectrometry comprises electrospray 
mass spectrometry. 

34. The method of claim 33, wherein said mass spectrometry further comprises 
electrospray tandem mass spectrometry. 
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35. A computer readable medium having a program for the identification of compounds 
in a combinatorial library, the program comprising: 

• means for creating a list of all possible members of said library; 

• means for eliminating members that differ from another member only in the order of 
substituted parts; and 

• means for creating a table with one row for each molecular weight occurring among 
the library members. 

36. The medium of claim 35 disposed within a portable diskette. 

37. The medium of claim 35 disposed within a computer and interconnected with a 
processor within said computer. 

38. A computer readable medium having a program for the identification of compounds 
in a combinatorial library, the program comprising: 

• means for creating a list of a known library of mass peaks; and 

• means for identifying unknown mass peaks by mapping said mass peaks against 
said list of known mass peaks. 

39. The medium of claim 38 disposed within a portable diskette. 

40. The medium of claim 38 disposed within a computer and interconnected with a 
processor within said computer. 
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Figure 1 
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Figure 2a 
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Figure 2b 
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Figure 3 
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Figure 4 
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Figure 6 
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Apendix A1 



The Mass Peak Identification Software (MPIS) provides a framework for using mass peak 
collections for identification of compounds in a combinatorial libraries. It is an Excel macro 
based procedure which identifies unknown mass peaks by automatically mapping them against 
a known library of mass peaks. Parameters for threshold filtering and fit variance are adjustable 
by the scientist for precision peak identification. Each peak found the standard library peak is 
presented as well as the closeness of fit between the unknown and library peaks. Known peak 
libraries are stored as PC files; so that, any desired library can be conveniently submitted for 
this procedure. 
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' Mass Peak Indenti f ication Software (MPIS) 

• Masspec Macro 

• Macro written 04/15/96 by Chris Goeller, Jake Raab 

• Excel Version 5.0 Macro Visual Basic 
• 

Sub Masspec () 

• Sort the data 

Columns C A: D") .Select 

Selection. Sort Keyl : =Range ( " A2 • ) , Orderl : =xlAscending, Header:= _ 
xlGuess, OrderCustom: =1 , MatchCase : =False , Orientation: = _ 
xlTopToBottoin 
' Set up the' headers for the new columns 

Columns ( "D:D - ) .Select 

Selection. Insert Shift : =xlToRight 

Range ( • Dl ■ ) . Select 

ActiveCell .FormulaRlCl = "Present" 
Range C El") .Select 
Selection . EntireColumn . Insert 
Range ( - El ") .Select 

ActiveCell -FormulaRlCl = "Variance" 

Range C Fl • ) . Select 

Selection. EntireColumn. Insert 

Range ( - Fl " ) . Select 

ActiveCell. FormulaRlCl = "New" 

Range CGI") .Select 

Selection . EntireColumn . Insert 

ActiveCell . FormulaRlCl = "Not present" 

Columns ( "G:G" ) - EntireColumn . AutoFit 

ActiveCell-Of fset (-6, -1) .RangeCAi") .Select 
ActiveSheet. Cells (2, 1) .Select 

nextt : 

ActiveCell. Of fset (1, -1) . Range ( *A1 * ) .Select 
ActiveCell. Of fset (1, 0) .RangeCAi;) .Select 

f irsst : 

UName = ActiveCell .FormulaRlCl., 
If UName » • " Then GoTo part2 

• Get the mass spec value in first column 

num = UName 

• Get the value in second column (*) 

ActiveCell. Of fset (0, 1) .RangeCAi" ) .Select 
t$ = ActiveCell. FormulaRlCl 
i = 0 

If t$ = **" Then 
i = 1 

End If 

• move back to first column 

ActiveCell. Of fset (0, -1) .RangeCAi") .Select 
If i = 0 Then GoTo nextt 

• get mass above it 

ActiveCell. Of fset (-1, 1) .RangeCAi") .Select 
ta$ = ActiveCell. FormulaRlCl 
If ta$ = "*" Then 

ActiveCell. Of fset (1, -1) .RangeCAi") .Select 

idifab = 99 

GoTo below 
End If 

' check if not library and already assigned a peak 

ActiveCell .Offset (0, 2) .Range { "Al" ) .Select 
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ta$ = ActiveCell.FormulaRlCl 

If ta$ <> - " Then 

ActiveCell. Off set (1, -3) . Range ( "Al" ) .Select 

idifab = 99 

GoTo below 
End If 

ActiveCell. Off set (0, -1) . Range ( "Al") .Select 
ActiveCell -Offset (0, -3) . Range ("Al") .Select 
numab = ActiveCell.FormulaRlCl 
idifab = num - numab 

ActiveCell. Of fset (1, 0) . Range ("Al") .Select 
' get mass .below it 
below: 

ActiveCell. Of fset (1, 1) .Range ("Al") -Select 
ta$ = ActiveCell.FormulaRlCl 
If ta$ = "*" Then 

ActiveCell. Off set (-1, -1) . Range ("Al") .Select 

idifbe = 99 

GoTo compare 
End If 

ActiveCell .Of fset (0, -1) . Range ( "Al" ) .Select 
chkit$ = ActiveCell.FormulaRlCl 
If chlcit$ = " " Then 

ActiveCell. Of fset (-1, 0) . Range ( "Al • ) .Select 

idifbe = 99 

GoTo compare 

End If 

numbe = ActiveCell.FormulaRlCl 
idifbe = numbe - num 

ActiveCell. Of fset (-1, 0) . Range { "Al* ) .Select 

compare : 

If idifab = 99 And idifbe = 99 Then GoTo nextt 
If idifab < 1 And idifbe > 1 Then 
Selection. Cut 

ActiveCell.Offset (-1, 3) . Range ("Al") .Select 
ActiveSheet. Paste 

ActiveCell .Of fset (1, -3) .Range ( "Al : Dl •). Select 

Selection. Delete Shift: =xlUp 
ActiveCell. Of fset (-1, 0) .Range ( "Al " ) .Select 
End If 

If idifab > 1 And idifbe < 1 Then 
Selection. Cut 

ActiveCell. Of fset (1, 3) .Range ( "Al" ) .Select 
ActiveSheet . Paste 

ActiveCell. Of fset (-1, -3) .Range ( "Al :D1* ) .Select 
Selection. Delete Shift ;=xlUp 

ActiveCell.Offset (-1, 0) . Range ( "-A1 " ) .Select 

End If 

If idifab < 1 And idifbe < 1 And idifab < idifbe Then 
Selection. Cut 

ActiveCell . Offset ( -1 , 3 ) . Range ( " Al " ) . Select 
ActiveSheet . Paste 

ActiveCell. Of fset (1, -3) .Range ( "Al :D1 - ) .Select 

Selection. Delete Shift :=xlUp 
ActiveCell. Of fset (-1, 0) .Range ("Al") .Select 
End If 

If idifab < 1 And idifbe < 1 And idifbe <= idifab Then 
Selection. Cut 

ActiveCell. Of fset <1 # 3) . Range ("Al") .Select 
ActiveSheet . Paste 

ActiveCell. Of fset (-1, -3) . Range ( "Al ; Dl - ) .Select 
Selection . Delete Shift:=xlUp 
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ActiveCell .Offset (-1, 0) . Range ( "Al - ) .Select 

End If 
GoTo nextt 

1 Part 2 fills in the new peak column with * 
part2 : 

ActiveSheet . Cells ( 2 , 1 ) . Select 
nextt2 : 

ActiveCell -Offset (1, 0) .Range ("Al") .Select 
UName = ActiveCell - FormulaRlCl 
If UName - * " Then Goto part2a 

• Get the value in second column {*) 

ActiveCell . Of f set ( 0 , 1 ) . Range ( - Al " ) . Select 
t$ = ActiveCell.FormulaRlCl 
i = 0 ' 

If t$ - "*" Then 

ActiveCell. Of f set (0, -1) . Range ( "Al " ) .Select 
GoTo nextt2 

End If 

ActiveCell. Of fset (0, 2) .Range { "Al ■ ) .Select 
n$ = ActiveCell.FormulaRlCl 
If n$ <> Then 

ActiveCell. Of fset (0, -3) .Range ("Al" ) .Select 

GoTo nextt2 
End If 

ActiveCell. Off set (0, 2) . Range ( "Al * ) .Select 
ActiveCell . FormulaRlCl - " * • 

ActiveCell. Off set (0, -5) . Range ("Al") .Select 
GoTo nextt2 

• Part 2a fills in the variance column with * 
part2a : 

ActiveSheet. Cells (2, 1) .Select 
nextt2a: 

ActiveCell. Of fset (1, 0) .Range ( -Al - ) .Select 
UName = ActiveCell.FormulaRlCl 
If UName = " * Then GoTo part3 
num - UName 
1 Get the value in second column (*) 

ActiveCell. Of fset (0, 1) .Range! "Al" ) .Select 
t$ = ActiveCell.FormulaRlCl 
i = 0 

If t$ = Then 

ActiveCell. Of fset (0, -1) . Range ("Al") .Select 
GoTo nextt2a 

End If 

ActiveCell. Of fset (0, 2) .Range<"Al") .Select 
n$ = ActiveCell.FormulaRlCl 
If n$ = - Then 

ActiveCell. Of fset (0, -3) . Range ( "Al" ) .Select 

GoTo nextt 2 a 
End If 

num2 = ActiveCell.FormulaRlCl 
Var = nuiu2 - num 

ActiveCell. Off set (0, 1) .Range("Al") .Select 

ActiveCell.FormulaRlCl = Var 

ActiveCell. Off set (0, -4) .RangeCAl") .Select 

GoTo nextt2a 

• Part3 fills in the missing peaks columns in the library 
part3 : 

ActiveSheet .Cells (2, 1) .Select 
nextt3 : 

ActiveCell. Of fset (1, 0) .Range("Al") .Select 
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UName = ActiveCell . FormulaRlCl 

I f UName = • " Then GoTo Endd 
• Get the mass spec value in first column 

num = UName 
' Get the value in second column (*) 

ActiveCell. Of fset (0, 1) .Range ( "Al" ) .Select 

t$ = ActiveCell . FormulaRlCl 

i = 0 

If t$ = Then 
i = 1 

End If 
If i = 1 Then 

ActiveCell. Of fset (0, -1) .Range { "Al- ) .Select 
Selection. Cut 

ActiveCell.Offset<0, 6) . Range ("Al") .Select 
ActiveShee t . Paste 

ActiveCell. Off set (0, -5) . Range ("Al") .Select 
ActiveCell . FormulaRlCl = ■ " 

ActiveCell. Of fset (0, -1) . Range ( "Al - ) .Select 
Else 

ActiveCell .Of fset (0, -1) . Range < "Al • ) .Select 

End If 
GoTo next t 3 



Endd: 
End Sub 
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Tbin/fcsh 



Sfaall Scrlpc for proijcing Liet of libe&ry 
dlszeots vitti irjcMasdng maLaeular %<eic£it« 



Cceyri^TC dha Oorpaaation, Samdt, NT 07901 

StEP 1 

Create d f"*» where each lina has the fialloudnCT fargat (cab separated) : 
<aa&ieQce mzber> 

<Ibtal HalWaitfiC of library el<*rent> 
<"pT^ rrT ^ mfagr cotSo 

S7£P 2 

Sort tf»a tile o£ pcnrucations oooordixicr Co price rwrber coda 
(coltxm 7} . 

Sitsco ail pernutatiaas of & given, ftcqngnGe will nave 
tt» saro oacfe outruC ally one of tfaoau 

scare -lc 6n -u <oartMnArinrvg ^mi/f «n b 
STEP 3 

Cenar&co liar soroed aooecding to nol veitftc 

Obe Use has d& following foxweLtt 
•<xxol veigio <isber of lib elencncs> <AA 
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# 

# PERL SCJUFIL.: GGDSCata ftlsrertta of a ocnfainatnH al Library 

# with t>o changing amino acid positions . 
# 

# a=cyright dta Corporation. Sxmdc, NT 07901 
f 

# Molecular Waigbt. amino acids. 
# 

tfrfeight c ( 





57.02, 


« clyrim 






71.04, 


t Xleffvinc 






97.03. 








97.05. 




§ FXCtiitYS 


-v # 


9$. 07, 




f Valina 




101. OS, 




• Threonine 




113.08, 








113.08, 








114.04, 




f jUgmgine 




115.03, 




* Asparric acid 


"Q% 


X2A.06, 




• GlutATune 




128.09, 




# lysine 




129.04, 




# pit ^ n rvA *\ 




131.04, 




f >feciuariiri& 


nr. 


137. OS, 




# Fti/rTidine 




147.07, 








1S6.10. 




# Arginira 


rr. 






* Tyrosine 


-vr. 

); 


186.09, 







ft 

« A. prijro n nUa - xa assigned to each emino acid 

t Any occbinACioo of several A*s will have a unique product nurbar, ti» 

« prodjct of tne prima nutters. 

« 





2, 


• olycina 


•A". 




# Alanine 




s. 






7, 


• Proline 




11, 


« Valine 




13, 


# Tnreonine 


-X-. 


19, 


# Tfiolflucins 




23. 


4 Laucina 




29, 


« Asparyine 


tr. 


31, 


# Aqpartic acid 


-a-. 


37, 


• dutwrrfna 




41, 


• lysine 




43, 


# Glutamic acid 


IT. 


47, 


# Met^iicninR 


•R-, 


53. 


# Higrldino 




59, 


a pteTylalsnine 




€1. 


• Argnnine 




C7, 


t Tyrosine 


■w. 


71 


# Tryptophan 



J; 

eaxAcid. - toys tVteicfct; 

cpen ( 0CM&, "xsarbin&tlons" ) ; 

SiOcnb = 1; 

£oxBoeh Stixst (QgucAcidJ ( 

foreach Ssaoenl (MjcAcid) { 

SOOrb - Sfirvt: . $ opo a nd ; 
$Weitf\ta - $Wai£fcr< $£irsc ) ; 
$Wci$*iC2 = $Meaght{ $seoond ); 
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STozaI = SWaicfbnl ♦ SWUig*ic2 * 551.18; 

SQcxfc * $Prun&( Sfixtx ) * SPrim ( Ssomd ) ; 

print O0MB 

$i0art> c 5lGajfe * 1; 

); 

}; 

close ( CCMB ) ; 
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/usr / loCAl/bin/perl 
PERL SCRIPT to genaraca cutjxit list 

oopyri^ic Cite (tomtom. &*«nLt, m 07301 

^Uc N-leic Acid o^aBa. ~t*«- — 
SSr Use aocarding to irolocular wai^vt. 

Mufc is r*ad from filo ^jaix*acBb' 

a Oirn: of unieua oatbuAcltfttf 

ftoad ^cafUo info in a**»ative array 



( FILE ); 



f Sort thfl data according to 
gLvrn ai^c. c oort: (Keys %Soc£Ast) ; 
cpm (I-IST, ->seqlistr )j 



close (LIST) 
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Program LI BANAL: Analysis of Combinatorial Libraries 

f"^ 05 * . LIBANAL a combinatorial library is the set of all compounds one can generate from a 
In the ^context of L . lBA ^^~^ 0 __ ooenls wo different locations on the substrate. At each 
fixed, substrate by inserting adAjiooal com P^^* I t *' lt b possible to substitute a version 

H^ion any ^^^JS^B^ oTal^is id-Sud by a two-.e«e, code the 

?SSeviation of the amino acid substituted at the second locaoon. 
T^seofthep^l^^ 

^^^^ 

rearrangements. 

Program Structure 

The program cooslsts of three major steps: 

1 create a to of all possible members by enumeration. 

2 . eli mmatc those members that differ from another member only by the arrangements of the subsmutcd 

3. rLoc^urringmolccuUr^iehtcountthen 

identifiers. 



information: 

1 . a sequential number, 

2. two letter identifier, 

3 molecular weights of the substituted pans, 

4*. l0 tal molecular weitfn (substituted parts * substrate). 

5. prime number code* 

substitutions A3 and BA wflJ result in the same code. 
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Step 2 

From this list eliminate members that differ from another member only in the order of the substituted pans. 
This Is achieved by sorting the list according to prime number code and retaining only the first element in a 
string of members with the same code. 

Step 3 

A table is created with one row for each molecular weight occurring among the library members. This is 
achieved by sorting the output of the list generated in step 2 according to molecular weight. For each 
weight the number of members attaining this weight is counted, and the member identifiers arc listed. 
Finally this table is printed. 
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A method for characterizing the members of a combinatorial 

library which bind to a domain of Interest 

A computer readable medium having a programm for the 

Identification of compounds 1n a combinatorial library, 

the program comprising means for eliminating compounds that 

differ only in the order of substituted parts. 

A computer readable medium having a program for the 

identification of compounds 1n a combinatorial library, 

the program comprising means for identifying unknown 

mass peaks by mapping known mass peaks. 
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